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MICROBALANCE AND METHOD FOR'
MEASURING THE MASS OF MATTER
SUSPENDED WITHIN A FLUID MEDIUM

BACKGROUND AND SUMMARY OF THE
INVENTION

- This invention relates to the measurement of the mass
of particulate or other forms of matter contained within
a medium such as air or other fluids. It concerns itself
both with a method and apparatus for making such
measurements |

This invention represents an improvement on the
method and apparatus described in U.S. Pat. No.
3,926,271, the contents of which are hereby incorpo-
rated by reference. Hereinafter, said patent shall be
referred to as the “microbalance patent.”

The apparatus described in the microbalance patent
can be used for the measurement of the mass of particles
‘and other matter contained within a gaseous or liquid
medium through the use of impaction or other tech-
“niques wherein the matter is deposited on substrate 30,
shown in FIG. 1 thereof. The impaction technique n-
volves directing a flow of the medium on the substrate
so that matter contained in said medium will be depos-
ited on the substrate. This precess, while perfectly ade-
quate for many applications, is nevertheless subject to

certain shortcomings. Obviously, only a certain per-
~centage of the matter contained within a medium will

be deposited, the remaining matter either bouncing off

‘the substrate or being carried away from it or around it
‘in the local turbulence created at the surface of the
substrate. It would, of course, be desirable if a higher
percentage of the matter whose mass is to be deter-

mined could be deposited on the oscillating end of the
elastic element 4 described in the microbalance patent.

In the present invention, this objective can achieved
through the attachment of a filter to the oscillating end
of the elastic element and passing the medium contain-

ing the matter through the filter. In the preferred em-

bodiment, the oscillating element is provided with a
channel running from its oscillating end through its base
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~ BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view in elevation of the oscillat-
ing element constructed in accordance with the present
invention.

- FIG. 2 is a fragmentary view In cross-section of the

- oscillating end of the element shown in FIG. 1 with an
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alternate method of filter attachment shown schemati-
cally. | "

Reference numerals used in the following description
indicate the same parts as 1n the microbalance patent
wherever possible. |

Referring to F1G. 1, an oselllatlng tube 4 is shown to
be clamped to the base of housing 2 by means of annular
ring 14 and its lip 16. Tube 4 may be quartz or any other
suitable elastic material. A tapered tube in accordance
with the teachings of the microbalance patent 1s to be
preferred. However, a non-tapered tube would be very

adequate for some applications, such as monitoring the

effluent of a smokestack, where a high degree of sensi-
tivity is not critical. An elliptical tube cross-section is
helpful in confining the oscillation to a single plane,

~ thereby facilitating the sensing of the frequency of oscil-
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and the filter is attached so as to cover the Openmg of 45

the channel at the oscillating end. The medium is prefer-
ably drawn through the element so that it will pass first
through the filter and then through the element. The
associated structures and apparatus described in the
microbalance patent and its method of operation would
remain the same. Of course, equivalent struetures and
~ apparatus could be substituted.

Basically then, this invention concerns itself prlmarlly
with a modification of the invention disclosed in the
microbalance patent wherein the modification consists
in substituting a filter for the substrate 30 and providing
means for circulating the medium containing the matter

~ whose mass is to be determined through the filter. As

that is done, the mass can be determined, as disclosed in
~ the microbalance patent, by monitoring the changes in
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-resonant frequency as matter becomes entrapped In the
filter. For liquids, real time measurement will generally

" not be feasible because the passage of liquid through the
~ oscillating element has an obvious damping effect and
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~ because it is generally necessary to remove the liquid

from the filter after the deposition of matter therein by

~_evaporation of the liquid or some other process.

Jation.

In FIG. 1, tube 4 is shown to have a channel 5 therein
which extends through the entire length of tube 4. A
fitting 17 serves as a conduit connecting channel 5 to a
suitable pump (not shown) as indicated. Although the
lead 22 and terminal 24 shown in FIG. 1 of the micro-
balance patent are not shown herein, it shouild be under-
stood that they can be relocated as needed to accommo-
date the placement of fitting 17.

A suitable filter 19 is shown to be cemented by a
suitable adhesive 21 to the flaired end of tube 4. Filter 19
may be of any suitable type having a composition suit-
able for the sampling environment and a porosity appro-
priate for the entrapment of the matter whose mass is to
be measured and the medium in which that matter is
contained. For work with ambient air, a hydrophobic
filter made of Teflon was used having a one micrometer
pore size. To eliminate temperature and humidity ef-
fects, it was found to be helpful to maintain the unit at

'50° C. during operation.

The invention would typically be used to monitor the
particulate content in ambient air. For such an applica-
tion, ambient air would be drawn through filter 19 and
channel 5 by a suitable vacuum pump.

As described in the microbalance patent, the element
4 would be oscillated in a clamped-free mode at a reso-
nant frequency. As particles became entrapped within

filter 19, thereby increasing the mass being oscillated,

the resonant frequency would change. By the same
process described in the microbalance patent, the mass .
of the particles entrapped can be determined by measur-
ing the changes in resonant frequency.

FIG. 2 shows an alternate embodiment of a portion of
the invention. The basic purpose of this embodiment 1s
to provide a means whereby the filter element can be
easily removed and exchanged for other filter elements.
For this embodiment, flaired portion 28 of vibrating
section 8 is eliminated. The filter would be mounted on
a suitable sleeve 23 which would be slideably fitted to
section 8. To ensure a complete seal between sleeve 23
and section 8, a suitable grease or dissolvable glue may
be used. | -

‘There are clearly a variety of modifications that
could be made to the above described invention without
departing from its essential principles. It is intended to
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encompass all such modlﬁcatlons within the scope of

the following claims.
What is claimed is:
1. Apparatus for measuring the mass of matter sus-
pended in a medium comprising:
an elongate elastic element having a first end which is
anchored and a second end free to oscillate;
filter means attached to the free end for receiving
matter whose mass is to be measured;
means for driving said element so that its second end
‘with the filter means attached will oscillate at a
resonant frequency; B
means for passing the medium contammg the matter

through the filter means as it oscillates in order to

deposit the matter thereon; and
means for sensing changes in the resonant frequency
of oscillation of sald element and filter as they
oscillate. e
2. The invention of claim 1 wherem the passing
means includes a channel running through the elastic
element. |
3. The invention of claim 2 wherein the medium is
passed through the filter before being passed through
the channel. B |
4. The invention of claim 1, 2 or 3 wherein the me-
dium is a gas.
9. The invention ef claim 1, 2 or 3 wherein the me-
dium is a hiquid.
6. The invention of clalm 1 wherein the elastic ele-
ment is tapered from its first end to its second end.
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7. The invention of claim 6 wherein the passing
means includes a channel running threugh the elastic
element.

8. The invention of claim 7 wherein the medium is
passed through the filter before being passed through
the channel.

9. The invention of claim 6, 7 or 8 wherein the me-
dium is a gas.

10. The invention of clalm 6, 70r8 wherem the me-
dium is a liquid. -

11. The invention of claim 1 wherein the filter means
are removably attached to the elastic element whereby
various forms of filters may be substituted therefor
while using the same element. |

12. A method for measurmg the mass ef matter Sus-
pended in a medium comprising the steps of:

oscillating an elongate elastic element at a resonant

frequency in a clamped-free mode, said element
having a filter on said end;

passing the medium through the filter as the elastic

element oscillates so as to entrap the matter on the
filter; and
~ sensing changes in the resonant frequency of oscilla-
tion of said element and filter during the passing
- Step.

'13. The method of claim 12 wherem the oscﬂlatlng
element has a channel therein and wherein the passing
step includes passing the medium through the channel.

14. The method of claim 13 wherein the filter covers
an end of the channel and the medium is passed first

through the filter and then through the channel.
* Xk % ¥ %k
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